tions from citizens concerned about exposure to hazardous substances released in their community (CERCLA as amended, 1980) . To date, ATSDR has received over 220 petitions from concerned community members (ATSDR, 1993a) .
Local health departments and other community health settings also can playa pivotal role in environmental health. Community health nurses can apply their skills in nursing process by identifying and analyzing possible environmental health hazards and by coordinating the efforts of various disciplines at the local, state, or federal level. However, lack of training in basic environmental health science may be one reason nurses are discouraged from becoming involved in environmental health issues.
In this article, the authors describe two simple methods (pathway analyses and toxicological analyses) ATSDR uses to analyze environmental health information. The methodology is applied to two communities to demonstrate the role played by a public health nurse in analyzing the problem and developing interventions. Results show that by conducting pathway and toxicological analyses, the nurse can answer these two questions: 1) Are community members exposed to hazardous substances? and 2) Could the exposures impact public health? The nursing diagnoses and interventions demonstrate the critical role nurses play in protecting the health of the community.
TWO SCENARIOS
Two communities in a county have come to the county health department for answers to their Community members believe that the landfill has caused a high rate of cancer in their town. The second community, Woodland, is also concerned about cancer, especially cancer of the skin. Residents have noticed a lot of skin rashes and some skin cancer, even in the children. There is no landfill in Woodland, but residents suspect that a wood treating facility on the town border has contributed to the excess illnesses in Woodland.
These two scenarios, although fictitious, are based on actual petitions received by ATSDR. Suppose you are the county's public health nurse for Brookland and Woodland, and the county health department director gives you the task of assessing the health threats of the landfill and wood treating facility and developing a plan of action. You decide to conduct pathway analyses and toxicological analyses for both communities as part of your assessment.
ASSESSMENT
You get environmental data for both communities from the county sanitarian. You begin by reviewing the data and contacting federal, state, and local agencies and citizens for further information (Neufer, 1994) . You organize your findings by environmental media: air, surface water, soil, and groundwater as summarized in Table 1 (ATSDR, 1992a). The agencies' reports and data indicate that soil and surface water contamination are the primary concern in Brookland because metals, trichloroethylene (TCE), and tetrachloroethylene (or perichloroethylene) (PCE) have been detected in soil and surface water. In Woodland, soil, surface water, and groundwater contamination are of concern because pentachlorophenol (PCP), arsenic, and dioxin have been detected in those media.
PATHWAY ANALYSES
Once the assessment of all available information has been completed, you need a method for analyzing these data. ATSDR uses a method called pathway analysis. An exposure pathway is the process by which an individual is exposed to contaminants that originate from some source of contamination (ATSDR, 1992a) . Understanding how exposure occurs is the key to environmental health.
For example, suppose a restaurant is serving bacteria contaminated food. Patrons of the restaurant do not get sick from sitting in the restaurant or from looking at the menu. They must eat the food to get food poisoning; they must be exposed. The same is true of environmental health. Residents will not get sick simply by living near a hazardous waste site. They must somehow be exposed to and absorb the hazardous substances into their bodies. There must be a completed exposure pathway.
Put simply, the exposure pathway describes how people contact and absorb substances present or released from hazardous waste sites. An exposure pathway consists offive elements: a source of contamination, an environmental medium (air, soil, surface water, groundwater, or food chain), a point of exposure (a location of human contact with the contaminated medium), a route of exposure (inhalation, ingestion, and/or dermal exposure), and a receptor population (people who are exposed or potentially exposed to the contaminants of concern at a point of exposure). When all five elements are present, the pathway is called a completed exposure pathway. Sometimes one or more of the pathway elements may be unconfirmed, but could exist. In that situation, ATSDR would characterize the pathway as a potential exposure pathway (ATSDR, 1992a) .
You use the pathway analysis method to analyze data for Brookland and Woodland. For Brookland, you know already that surface soil and surface water are contaminated in some areas of the landfill property. Residents living around the landfill report that people often trespass on the landfill property for recreational purposes, such as off road biking and bird watching. Children play in the brook that runs by the landfill.
Upon researching how environmental exposures happen, you find that children, and to a lesser extent adults, will incidentally ingest small amounts of dirt when working or playing outside through normal hand to mouth activity (ATSDR, 1992a) . You also surmise that the children may ingest small amounts of surface water when playing in the brook.
In Woodland, you find that not only are on-site soil and surface water contaminated, but the groundwater beneath the facility as well. To assess the on-site soil and surface water pathway, you contact the plant manager of the wood treating facility, who reports no incidence of trespassing on the property. You also assess the barrier around the facility and find a well maintained, 6 ft barbed wire fence.
JULY 1994, VOL. 42, NO.7 To assess groundwater exposure, you meet with some concerned nearby residents. They report that private wells provide all of their drinking water. They complain that the water sometimes smells bad and has an unusual color. Some residents who have recently had their well water tested provide the test results to the health department. The findings indicate that private well water near the wood treating facility is contaminated with arsenic and PCP, the same contaminants found in on-site groundwater. You conclude that residents with private wells are exposed to all contaminants in groundwater through ingestion, and to PCP through inhalation and dermal exposure while showering.
To summarize the above pathway analyses, you organize the information (Table 2) .
TOXICOLOGICAL ANALYSES
Two completed exposure pathways have been identified: a soil and surface water pathway in Brookland and a groundwater pathway in Woodland. In other words, in both communities, residents are being exposed to toxic substances; however, is there a significant potential for injury associated with the pathways? Could the exposures impact public health?
Answering these questions requires a toxicological analysis. Toxicology is sometimes defined as the basic science of poisons, where a poison is defined as any agent capable of producing injury or death when ingested or absorbed (Klaassen, 1986) . However, given this definition, all substances have the potential to be poisonous. For example, water is a poison to an individual with cardiac problems who has fluid overload because too much water could result in respiratory arrest. On the other hand, trace amounts of carcinogenic substances, such as benzene, can be found in ambient air in any metropolitan area. Still, residents may breathe benzene contaminated air all - 
Description of Resource
Self instructional publications designed to increase the primary care provider's knowledge of hazardous substances in the environment and to aid in the evaluation of potentially exposed patients (Case Studies available for over 30 hazardous substances) Document describing a substance's relevant toxicological properties in a nontechnical, question and answer format (Public Health Statements available for 80 hazardous substances) Document providing information on the health effects of a substance by route of exposure, levels of a substance in the human body and in the environment that are associated with health effects , chem ical and physical information, and regulations and advisories for the substance (Toxicological Profiles available for over 100 hazardous substances) Assistance on health issues pertaining to the release or threat of release of hazardous materials. Assistance is provided to federal, state, and local agencies, first responders, hospitals, private industry, and the general public. Information on ATSDR's public health assessment and consultation process *Agency for Toxic Substances and Disease Registry their lives and never get cancer. Therefore, toxicological analyses require considering the presence of the agent and the dose of that agent (ATSDR, 1992a). In environmental health, governmental agencies have developed guidelines to help health professionals determine whether exposure to a chemical may be of public health significance. For example, a chemical found in drinking water at a concentration greater than a drinking water guideline value may be of public health significance if research indicates exposure above that guideline value has potential for adverse human health effects. Guideline values exist for many chemicals in all media (i.e., air, soil, water, and food ). ATSDR, the Environmental Protection Agency (EPA), and state environmental and health agencies can all provide information on such values (ATSDR, 1992a). See Table 3 for a list of resources available from ATSDR.
In addition to the amount or dose of a substance, other factors must be considered when assessing the toxicological implications of exposure to a substance. First, determine exposure duration, because the risk to an exposed population will depend on whether exposures were acute « 14 days), intermediate (14-365 days), or chronic (>365 days).
Assess exposure frequency. Exposure frequency is the time of possible exposure; for example, the number of hours per day an individual has access to the contaminated media. Consider also exposure fluctuation; exposures may be constant or intermittent, which may affect the resulting toxicity.
Finally, consider bioavailability, the amount of chemical absorbed in the body once the chemical is ingested, inhaled, or absorbed through the skin. Bioavailability of a chemical may vary greatly, depending on the route of exposure and the characteristics of the receptor population (ATSDR, 1992a) . For example, when adults ingest lead, only about 15% is absorbed into the bloodstream. When infants and young children ingest lead, up to 50% may be absorbed, which is one of the reasons lead is so much more toxic to children than adults (ATSDR, 1992b) .
ATSDR can provide information on the toxicological properties of more than 100 of the most common hazardous substances. Other government agencies, such as EPA, the National Institute of Occupational Safety and Health, and state environment and health agencies also can provide information on hazardous su bstances.
The development of electronic databases has revolutionized the retrieval of up to date, accurate, and comprehensive information on hazardous exposures, chemical specific information, reference doses, and risk management. Databases are commonly accessed by way of on-line retrieval of information through the National Library of Medicine, Compact Disc-Read Only (CD-ROM) Systems, and electronic bulletin boards. See Table 3 for toxicological infor mation resources available from ATSDR.
You conduct toxicological analyses for both completed pathways (Table 4 ). The contaminants of concern for the soil/surface water pathway in JULY 1994, VOL. 42, NO.7 Brookland are TeE and PCE in the surface water and metals in the soil. You ascertain that the exposures of trespassers and children are acute, brief and intermittent.
You contact ATSDR for the Public Health Statements on TeE and PCE and find that drinking water guideline values have been established for both these chemicals (ATSDR, 1990b; ATSDR, 1992c) . The levels in the brook only slightly exceed the guidelines. You conclude that, given the exposures, the potential for injury is very low.
You also request from ATSDR information on metal contamination in soil. The concentrations of arsenic in soil exceed guideline values in some isolated areas, but never by more than a magnitude of 10. Again, because exposures probably have been short term « 14 days per year), brief (a few hours a day), and intermittent or seasonal, the soil pathway presents a very low potential for injury.
In Woodland, you begin by examining the private well monitoring results. The concentrations of arsenic and PCP exceed drinking water guidelines by at least a magnitude of 10, according to information from ATSDR (ATSDR, 1990a; ATSDR, 1993b) . Some concentrations are 100 times higher than guideline values. You also consider exposures, which are chronic, frequent, and continuous, because the private wells are the only source of water for these homes. You quickly recognize that these residents have a high potential for injury.
Upon further research in the Toxicological Profile for PCP and the Case Studies in Environmental Medicine: Arsenic Toxicity provided by ATSDR, you find that exposure to arsenic in AAORNJourna/1994; 42(7J:329-335. Neuter, L., & Narkunas, D. 
Hazardous Substance
Releases at the Community Level A Practical Approach to Analyzing Potential Health Threats.
When a hazardous substance release occurs in a community, public health nurses must consider whether community members have been exposed, and whether that exposure is sufficient to impact public health.
The Agency for Toxic Substances and Disease Registry (ATSDR) provides information to health care professionals that can assist them in conducting exposure and toxicological analyses.
An exposure pathway is the process by which an individual is exposed to contaminants that originate from some source of contamination . The exposure pathway method is effective in determining whether community members are exposed to hazardous substances in their community.
After determining a completed exposure pathway, a toxicological analysis estimates the dose of hazardous substances community members may have received and whether that dose may increase risks for an adverse health effect.
1.
3.
2.
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ity; and guideline values. ATSDR can provide the resources needed to complete such analyses. Most environmental health issues require collaboration with other disciplines at the local, state, or federal level, especially when multiple completed exposure pathways exist and dozens of contaminants are involved. In each scenario, assessing both communities required contacting state and federal agencies, as well as interacting with community members. The second community needed extensive interdisciplinary involvement from other agencies and other local health
NURSING DIAGNOSIS
Analysis shows that Brookland and Woodland have very different needs, although at first their problems seemed to be very similar. You realize that some Brookland residents are convinced that the landfill is causing cancer in their neighborhoods. You decide that the following is an appropriate nursing diagnosis for the community:
Knowledge Deficit: Residents of the community need assistance in understanding risks related to exposure to toxic substances on the landfill property. You decide to institute a risk communication and education program for the concerned residents.
For Woodland, you quickly realize that residents with private wells have a high potential for injury. You make this nursing diagnosis:
Potential for injury: Residents near the wood treating plant who consume private well water are at risk for adverse dermal and other systemic effects related to chronic exposure to well water contaminated with arsenic and PCP. You alert the state environmental office and the EPA and ATSDR regional offices. ATSDR investigates, confirms your concerns, and quickly issues a health advisory, which recommends that residents use an alternative water supply. EPA provides bottled water to affected residents. ATSDR and the state and local health department arrange blood and urine screening for affected residents. You also help implement a risk communication program for these residents, and alert other health professionals in the area about the exposures and the signs and symptoms of possible injury. drinking water has been linked to a skin condition called arsenical keratosis and also to skin cancer. PCP used in industry often contains impurities, including dioxin, which can cause a skin condition called chloracne. PCP also has been associated with other systemic damage, including renal, hepatic, and nerve damage and blood dyscrasias.
CONCLUSION
Both of these scenarios underscore several critical aspects of successful environmental health interventions by the nurse. First, both demonstrate the importance of conducting pathway analyses and toxicological analyses. Initially, both communities seemed to have very similar problems. However, after the analyses, it was obvious that completely different problems requiring different interventions existed in each community. Analyses need not be complex, but should consider the five elements of the exposure pathway-source, environmental media, exposure point, exposure route, and receptor population. Then, some basic principles of toxicology should be employed, including: consideration of the amount of the hazardous substance; exposure duration, frequency, and fluctuation; bioavailabil-professionals because a significant potential for injury existed.
In this case, a public health nurse possessing basic skills in environmental health led some of the public health efforts, such as identifying the problem and contacting other local health professionals. The nurse also facilitated collaboration for other interventions, such as alerting EPA and the state environmental agency that provided an alternative water supply to affected residents.
Whether leading or participating in environmental health activities, nurses can contribute to the exciting and challenging field of environmental health. Nurses who can assess, analyze, and collaborate with other disciplines to address environmental health issues will be most effective in protecting the growing number of individuals and communities threatened by hazardous substances.
